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A SURVEY OF MICROEARTHQUAKE ACTIVITY ALONG THE SAN 
ANDREAS FAULT FROM CARRIZO PLAINS TO LAKE HUGHES 
BY R. CARLSON, H. KANAMORI, AND K. MCNALLY 
ABSTRACT 
An array of moveable seismographic trailers was deployed at three sites along 
the northern section of the "Big Bend" in the San Andreas fault in southern 
California. The three sites monitored were the Carrizo Plains, Frazier Park, and 
Lake Hughes areas. Effective observation times at each site ranged from 38 to 
69 days. The microearthquake activity rates observed were 0.3 events/day, 3.O 
events/day, and 1.9 events/day, respectively, based on the number of located 
events plus the number of unlocated events with S-P ~ 3.0 sec. The majority of 
the activity does not appear to be directly associated with the San Andreas fault. 
A comparison of the activity rates observed in this study with the results of a 
survey conducted in the same areas by Brune and Allen (1967), indicates more 
than an order of magnitude increase in activity rate in the Lake Hughes area and 
nearly the same levels of activity at the Carrizo Plains and Frazier Park sites. 
INTRODUCTION 
The purpose of this study is to monitor the seismicity along the "Big Bend" in the 
San Andreas fault from the Carrizo Plains to Lake Hughes at magnitude thresholds 
ML <= 3.0. Since 1932, the San Andreas has been relatively quiescent in this region 
at magnitude thresholds ML ~ 4.0 (Figure 1; Hileman et al., 1973). Low levels of 
microearthquake activity were also observed in the study areas during a survey 
conducted by Brune and Allen (1967). In light of the fact that this segment of the 
San Andreas ruptured during the great Ft. Tejon earthquake of 1857 and has 
ruptured at least nine times in the last 1500 years (Sieh, 1978), it is important to 
document current low-magnitude seismic activity with an eye toward a more 
complete understanding of seismic processes in this critical region. 
DATA 
The instrumentation used in conducting this microearthquake study consisted of 
an array of five to seven moveable seismograph trailers which employ Ranger-type 
seismometers and a 70-mm film recording system operating at a recording rate of 
1.5 mm/sec. A detailed escription of the trailer system is presented by Lehner and 
Press (1966). The response curve for the instruments used in this study peaks at a 
period of 0.054 sec (18.5 Hz) for all gain settings. Instrument gain was set to optimize 
the signal-to-noise ratio at each site and ranged from peak magnification of 4.5 x 
107 at the best sites to 5.6 x 106 at the most noisy sites. Station sites were chosen 
based on the criteria of desired areal coverage, lowest possible cultural and natural 
noise levels, and accessibility. The average station separation within each array was 
10 to 15 km. 
All records were carefully screened to exclude known explosions and all seismic 
events with epicenters outside the array area. Records from permanent Caltech- 
USGS network stations in the vicinity of each site were used to augment the data 
set used in determining the hypocenters of the microearthquakes r corded by the 
trailer array. P-wave arrivals and, when readable, S-wave arrivals were read to +_0.1 
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sec and used as input data into the earthquake hypocenter location program, 
HYPO71 (Lee and Lahr, 1975). Several sets of hypocenters were computed for each 
event using constrained and unconstrained focal depth and various initial focal 
depth estimates in order to find a "best" hypocenter. The crustal velocity structure 
assumed in computing the hypocenters was 5.5 km/sec from the surface to 5.5 km, 
6.3 km/sec from 5.5 to 16 km, 6.7 km/sec from 16 to 32 km, and 7.8 km/sec below 
32 km. This velocity model is based on refraction surveys utilizing quarry blasts in 
southern California (Kanamori and Hadley, 1975). All hypocenters are graded in 
quality from "A" to "F" depending on the following criteria 
A: >=3 stations, at least 2 with S readings, both P and S residuals mall. (P 
residual _= 0.1 sec, S residual <_- 0.15 sec) 
FIG. 1. Map of southern California showing the distribution fearthquake epicenters, ML_--> 4.0, that 
occurred between 1950 and 1977. Boxed areas indicate the survey sites discussed in this paper. 
B: =>3 stations, at least one with a S reading or =>5 stations with P readings 
only, both P and S residuals mall. (P residual ~ 0.1 sec, S residual <_- 
0.15 sec) 
C: =>3 stations, some mediocre P readings, no reliable S readings. (0.1 sec 
P residual _-__ 0.25 sec) 
D and F: Large residuals, very questionable location. (P residual > 0.25 sec). 
The assigned quality rating for each event is designated on the epicenter maps for 
each of the three surveyed sites, using the convention outlined in the legend. 
Magnitude stimates for each event were computed using an empirical magnitude- 
coda length relationship developed for use with standard USGS seismographic 
instrumentation. This empirically derived formula expresses ML as a function of 
coda length (T in seconds) and distance (h in kilometers) from the station to the 
epicenter of the event (Lee et al., 1972) 
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ML = -0.87 + 2 log T + 0.0035h. 
Strictly speaking, this formula cannot be applied to instrumentation with different 
response characteristics than the USGS instruments, but a comparison of ML 
computed using the above formula with T measured from the trailer-recorded 
seismograms did not differ more than ___0.2 from magnitude values computed for the 
same event using records from the permanent network stations. Hence, the magni- 
tudes computed for the trailer-recorded microearthquakes should constitute good 
first-order estimates of the "actual" ML values. The hypocentral data are tabulated 
in the Final Technical Reports of the U.S. Geological Survey Contracts 14-08-0001- 
15893 and 14-08-0001-16711. 
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FIG. 2. Map of Carrizo Plains site showing epicenters of located events, major faults, and station 
locations. 
SUMMARY OF OBSERVATIONS 
Carrizo Plains site. Six seismograph trailers were deployed along the San Andreas 
fault in the Carrizo Plains from July 30 to October 6, 1976. Four permanent Caltech- 
USGS network stations were also operating in the vicinity of the trailer array during 
this time period. Station locations, epicenters of located events, and the major faults 
in the Carrizo Plains area are illustrated in Figure 2. 
Scrutiny of seismograms recorded uring the 69-day observation period revealed 
16 locatable microearthquakes with 0.4 ~ ML <= 2.0. In addition, five probable vents 
with S-P <= 3.0 sec, were recorded by too few stations for a hypocenter to be 
determined. This corresponds to a very low activity rate of 0.3 events/day. 
During the period of observation, from two to four trailers were operating 
sufficiently well for usable data to be obtained. Data recorded by the Dabney 
Canyon and Ken's Ranch stations were generally unusable due to the high noise 
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TABLE 1 
TRAILER STATION DATA 
Gain Usable 
Station Latitude Longitude Setting Records 
(dB) (hr) 
Temblor  Ranch  35o22.06 ' 119o51.20 ' -12  860 
Ken 's  Ranch  35o19.75 ' 119o44.84 ' -24  360 
Dabney  Canyon 35o11.60 , 119o35.92 , -24  500 
Lawson Spr ing 35o01.72 , 119o36.30 , -6  1040 
Sul fur  Spr ings 35°06.45 ' 119°45.91 , -6  1120 
Pa in ted  Rock  35°12.14 , 119°52.07 ' -12  1360 
JOH 34o55.78 , 119°24.78 ' -12  520 
SAN 34°57.81 ' 119°17.17 , -12  750 
BUR 34°47.24 ' 119o25.48 , -6  610 
LEE  34045.37 ' 119°07.88 , -6  940 
SAL  34055.55 ' 119°04.93 ' -6  540 
ABE 34051.38 ' 119012.57 , -6  590 
LAK 34048.93 , 118059.40 , -12  660 
Oak F lat  34°43.16 ' 118036.24 , -18  620 
Hauser  34042.24 , 118031.50 , -6  470 
Juday  34040.57 ' 118026.09 , -12  560 
San Francisco 34037.39 , 118021.39 , -18  420 
Bee 34034.27 ' 118°27.12 , -12  500 
Sawtooth  34038.90 , 118033.72 , -12  300 
Munz  34044.69 , 118°22.18 , -12  340 
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levels at these sites. The magnification at the Temblor Ranch and Painted Rock 
stations was 2.3 x 107. The magnification was 4.5 x 107 at Sulfur Springs and 
Lawson Spring making them the most sensitive stations. 
The epicenter map (Figure 2) indicates that from two to seven of the located 
events may be directly associated with the San Andreas depending on whether or 
not the events which are aligned to the northwest between the San Andreas and 
San Juan faults are considered to be systematically offset from the surface trace of 
the San Andreas. The uncertainties in the locations of these events make it 
impossible to correlate them with a particular surface fault trace. The three events 
slightly to the southwest of the San Juan fault may be due to active seismic 
processes on that fault. The San Juan fault has been active since the beginning of 
the Quaternary period, but there is no record of surface displacement in historic 
times (Jennings, 1975). The three events north of the Dabney Canyon station are 
not correlatable to any known surface fault trace. 
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FIG. 4. Histogram of the number of located events at the Frazier Park site versus days. This figure 
indicates the temporal distribution of seismic activity for the time period the trailers were deployed in 
the region. 
Fraz ie r  Park  site. Seven trailers were deployed along the San Andreas fault west 
of Frazier Park, California from April 28 to June 17, 1976. A complete record of 
microearthquake activity was obtained for the period from May 2 to June 8. During 
this time period, 84 microearthquakes were recorded by a sufficient number of 
stations for a hypocenter tobe computed. In addition, approximately 30events with 
S-P  <= 3.0 sec were recorded by an insufficient number of stations for a reliable 
hypocenter to be determined. The activity rate at this site is 3.0 events/day. Focal 
depths for most events fall within the range from 4 to 15 km, although many of the 
computed focal depths are not well constrained. The estimated magnitudes of the 
events ranged from ML = --0.1 to 2.2. Figures 3, 4, and 5 summarize the data 
obtained at the Frazier Park site. 
The distribution of epicenters indicates that 15 to 20 per cent of the seismic 
activity may be associated with the San Andreas fault. About 50 per cent of these 
events occur near the Frazier Mt. intersection ofthe Garlock, Big Pine, San Gabriel, 
and San Andreas faults. This suggests the possibility of a localized stress concentra- 
tion at this tectonically complex site. The temporal distribution of events along the 
San Andreas appears random. 
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The majority of the events located during this observation period were to the 
north of the trailer seismograph array resulting in an azimuthal gap of 180 ° in 
station coverage for these events. However, most hypocenters are constrained by S- 
P times. The activity in the northern portion of the Frazier Park site is disseminated 
to the northwest and south of the Pleito fault. The Pleito is a south-dipping reverse 
or-thrust fault, but the exact parameters  of its fault-plane orientation and its extent 
are unknown. The activity near the Pleito can be divided into two groups of events. 
Almost all the events clustered northwest of the bend in the Pleito occurred in a 
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least-squares sense. 
swarm on May 15. The duration of the swarm was approximately 2 hr. Figure 4, 
which displays an events per day histogram for the Frazier Park site, demonstrates 
the activity on May 15 is very distinct from the average daffy activity. The events 
along and to the south of the surface trace of the Pleito are more evenly distributed 
in space and time. These microearthquakes may be associated with the Pleito fault 
and/or  deformation of its fault blocks. 
During the t ime period of these observations, microearthquake activity along the 
Big Pine fault was nonexistent. The short segments of the Garlock and San Gabriel 
faults which lie within the study area also appear to be quiescent. The White Wolf 
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fault, site of the 1952 Kern County earthquake, trends northeast from the Pleito 
fault and lies at the boundary of trailer array detection and location capability for 
the small events of interest. With this limitation noted, it appears that activity along 
this segment of the White Wolf fault is low. 
Figure 5a is a histogram of the number of events with 0.2 magnitude intervals 
plotted versus magnitude using the data obtained for the Frazier Park site. The 
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figure suggests the data set is complete for all events with ML >= 0.8 to 1.0. The data 
for all events with ML ~ 0.8 were fitted to the cumulative recurrence relation, log N 
= a - bM,  using the method of least-squares (Figure 5b). A b-value of 1.11 is 
obtained. 
Lake  Hughes  s i te.  An array of seven trailers was deployed along the San Andreas 
fault near Lake Hughes, California from February 18 to March 26, 1976. Sixty-five 
events with estimated magnitudes ranging from ML = 0.4 to 2.0 were located using 
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the seismograms recorded during this time period. Seven other events with S-P 
3.0 sec were recorded, but not locatable. The activity rate at the Lake Hughes site 
was 1.9 events/day. Three permanent Caltech-USGS network stations were oper- 
ating near the Lake Hughes site while the trailer array was operating. Records of 
events recorded at these stations were used to enlarge the areal coverage of the 
trailer station array. Station locations, epicenters of located events, and major faults 
are shown in Figure 6. 
The distribution of epicenters indicates that about 25 per cent of the total activity 
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observed in the Lake Hughes area may be directly associated with the San Andreas 
fault. Almost all the activity along the San Andreas occurs slightly to the west of 
stations at Oak Flat and SWM. There is a region of uniformly distributed microearth- 
quake activity between the Clearwater and San Gabriel faults. Both of these faults 
show evidence of activity during the Quaternary period, but no surface displacement 
has occurred along these faults in historic times (Jennings, 1975}. About 50 per cent 
of the events in the area bounded by the Clearwater and San Gabriel faults have 
estimated magnitudes less than 1.0. A dense cluster of epicenters is located about 8 
km northwest of station IRC, just north of the surface trace of the San Gabriel 
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fault. The epicenter of the 1971 San Fernando earthquake is located approximately 
20 km to the southeast of IRC. The proximity of the southern portion of the Lake 
Hughes site to the epicentral region of the San Fernando earthquake is one possible 
explanation of the high rate of activity in this region. The temporal distribution of 
microearthquake activity observed in the Lake Hughes area during this study period 
is displayed in Figure 7a. The peak in activity which occurs between March 7 to 10 
is relatively well distributed spatially. About one-third of the events with origin 
times within this time period are located within the cluster of events northwest of 
IRC. 
A histogram of the number of events plotted versus 0.2 magnitude intervals is 
shown in Figure 7b. This figure suggests the data set is complete for events with ML 
_--_ 0.8, although there is an anomalous number of events with 1.6 _-_ ML ~ 1.4. 
COMPARISON WITH OTHER MICROEARTHQUAKE SURVEYS 
Brune and Allen (1967) conducted a microearthquake survey at the same sites 
occupied by this survey using the same instrumentation. The total usable recording 
time they reported at each of the three sites was 4.5 days at Carrizo Plains, 1.5 days 
at Frazier Park, and 152 days at the Lake Hughes site. The activity rates observed 
during these time periods were 0.0 events/day at the Carrizo Plains, 2 events/day at 
Frazier Park, and 0.1 event/day at Lake Hughes. In comparison with the activity 
rates observed uring the time periods discussed in this report, activity rates for the 
Carrizo Plains and Frazier Park areas are about the same as the rates observed in 
the 1965 to 1966 Brune and Allen study. The activity rate at the Lake Hughes site 
has increased by more than an order of magnitude. 
A reconnaisance survey of microearthquake activity at the Carrizo Plains site 
made by Caltech in 1975 resulted in three locatable vents, ML > 1.0, in a 2.5-day 
observation period. In addition, 10 small events were recorded by more than two 
stations. This activity rate is much higher than the rate observed in this survey or 
by Brune and Allen (1967). However, the period of observation was too short for 
this result to be considered representative of the seismic activity in this area. 
CONCLUSION 
Close scrutiny of seismograms recorded by an array of trailer seismograph stations 
situated at three different sites along the northern half of the "Big Bend" in the San 
Andreas fault indicates eismic activity rates of 0.3 events/day in the Carrizo Plains, 
3.0 events/day near Frazier Park, California, and 1.9 events/day near Lake Hughes, 
California. The rates observed in the Carrizo Plains and Frazier Park areas are 
about the same as rates observed in a survey by Brune and Allen (1967). The 
activity level measured near Lake Hughes during a 38-day observation period is 
more than an order of magnitude higher than the activity rate reported by Brune 
and Allen for a 152-day observation period. The significance of this long-term 
temporal variation in activity levels at the microearthquake threshold is presently 
unknown. However, a number of recent studies (Inouye, 1965; Kelleher and Savino, 
1975; McNally, 1976; Ohtake, 1976; Sekiya, 1976; Engdahl and Kisslinger, 1977; Fuis 
and Lindh, 1977; Ishida and Kanamori, 1977; Lindh et al., 1977) indicate that the 
long-term seismicity pattern is one of the key data for understanding the mode of 
stress build-up before large earthquakes. In light of the observed long-term temporal 
variation in seismic activity at Lake Hughes, it is important o continue routine 
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monitoring of seismic activity at the microearthquake threshold and to systemati- 
cally study temporal and spatial variations in seismicity. 
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